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*» Surface waves propagating along the boundary between two media, one ofiagah
negative dielectric permittivity, are callsdrface plasmon polaritongSPFs).
SPPs are characterized by high field localization and peneatrageh adjacent medium at
a depth of the wavelength order, decaying exponentially with the didtanté¢he
interface.

*

» The use of materials with negative permittivity (as a rudadactive media) leads to
ohmic loss. Therefore it is necessary to compensate for high loss.
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% The loss compensation techniques, based on the optical-pump-generated irduction
population inversion in the active medium located near the surface ietia¢ are
characterized by low power efficiency, require an externat,lase only work in pulsed
mode, which does not allow to count on their wide practical use.




* The alternative approach to the problem of increasing of the fre@p@8Ps is based
on mechanism of energy transfer from plasma oscillations (dc cyn@i5Ps
(electromagnetic waves).

*» The evanescent electromagnetic wave amplification by dc eleatnent can be
observed when the phase velocity of the SPP wave and the charge dcifi\aaie
comparable.

s To obtain thissynchronism condition we suggest to use tgeapheneplaced on the
planar interface where the SPP propagates.
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dE W 1 cw 2 interaction of SPP waves (electric field
“+jl—E =—=| — | KI (1) componeng,) with the drift conduction
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Vph = CU/,B' phase velocity of SPP
V, = (0,8'/0&));% group velocity of SPP
\_ J
4 | )
Currents in graphenig, and semiconductdg: —=- = HAs :
Igr lugrngrlB
n, ~ 10" cm” : volume charge carriers concentration in semiconductor
n, ~10%+10* cm? surface charge carriers concentration in graphgne | <1
My = 2.5-10 cn?- V1.5t charge mobility in graphene I or
Hs << Uy, : charge mobility in semiconductor
% We can assume that the drift current is localizedn graphene )




Under the influence of the SPP wave field the amplitudef the current | becomes
modulated along the length of the waveguide

. w | E (2) equation for electric current g

dx? e 0 dx \62 '~ electromagnetic field in
graphene

J(¥) = 1(X) -1, << 1, : small perturbations of the current amplitude

d*J wdJ 1(0)2 aJZ)J

VO = lLIgrUO/Ix . drift velocity of the charge carriers in graphene of lepnth

w, - reduced plasma frequency in graphene
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Dispersion of the SPP parameters:
(a) inset propagation constari’
phase velocity,,
group velocityV, ,
drift velocity of charge carriers in
graphene&/, = 0.8 10° cm-s*!
(b) amplification coefficientr,
loss coefficieniB3”

In thegreen areathe amplification coefficient is
larger than the absolute value of loss coefficient:

a>|p"|.

Parameters:
£,=10.89,),=3.4210%s™, y=0.01w,
&=1&=4
|, =200 tm, d =0.1um
U,=20V
( )
Slow SPPs: 7' >>k,
(,6’ ~10 cm* ,k, ~10 crﬁ)
Maximal SPP amplification coefficient:
... = 310 cm
L W,




Resonance amplification of surface plasmon polariton in a struate with distributed
feedback
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FIG. 3. Evolution of the transmission coefficient 7 with angular
frequency @ of SPP and period of the structure A. The parameters of
the structure are the same as for Fig. 2.
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Conclusions

We have investigated the interaction of slow plasmon polariton wavasiafrared regime
with an electric current induced in the graphene film deposited on the byplradaeen a
semiconductor and dielectric.

It is shown that under the synchronism condition, when phase velocigsuofa@e plasmon
polariton approaches the drift velocity of charge carriers in graphestew surface wave
can be substantially enhanced by the drift current in graphene.

This amplification can not only compensate for the natural dampingfatsyslasmon
polaritons, but also can reach huge values which are orders of magaryetetthe ohmic
loss.
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AMPLIFICATION OF SPIN WAVES BY DRIFT CURRENT

- Antiferromagnet

- sfexchange amplification

- The acoustic branch of spin waves

- Longwave approximation

- The limit of frequent collisions

- The magnetic field is directed along the current carrier
drift direction.

V. D. Lakhno, « Spin wave amplification in magneligardered crystals »,
Physics - Uspek39(7), 669-693 (1996).



Amplification of spin waves (acoustic branch) in a longitudinafield : parameters
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) phase velocity of a

H is applied field
H. is a collapse fiel

spin wave,;

d

herea, a,,, andg, are exchange constants of

antiferromagnet
g =2uy/h, My = 214yS/a’

Mo is Bohr magneton,
Sis number of magnetic lattices of antiferromagnet,

i

V20, ¢ ais lattice constant
Dimensionless amplification coefficienia(a) :
kvs 1., kis amodulus of the wave vector of a s
o wave, herax is amplification
s 4(;03(:"/1"351",/1'5 - !,)Qmu/m .
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Figure 3. Spin wave amplification coefficient versus drift velocity of
conduction electrons. The Rex(v) plot passes through zero for vy
(Y= 0)and vg = v, (¥ # 0), where Y is the lattice absorption coefficien
for spin waves (Section 3.4).
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t

Ais s-f exchange constant,

eis electron change,

£is dielectric permittivity
of antiferromagnet

ak is the dielectric relaxation

a}, is the diffusion frequency

Amplification regime : drift
current velocityy, is larger than

the spin wave phase velocity
frequency




Parameters :

«* ~ 27750 -10 rad-s?
ok = 25-101rad- st is the dielectric relaxation frequency % f:QL0'] st

)y = 8-10%rad- st is the diffusion frequency % [16 101 st
«F Dok o

S =2

a=3-10%cm

£= 20 : dielectric permittivity of antiferromagnet

A=0.5 eV : s-f exchange constant
&, = 100;

H=0.1-16G
H.=10'G



Distributed feedback structure :

thickness of the AFM film15- 107(-7) cm

change of the thicknes$.1-h

Length of the AFM film 10% of the SW wavelength corresponding to themmh frequency of the
chosen interval

Period of the thickness modulation of the thickredghe AFM film: 0.1 % of the SW wavelength
corresponding to the minimal frequency of the emosterval

Transmission coefficient of the
spin wave (in logarithmic scale)

as function of the drift velocity

V, and the angular frequencyw
Here the phase velocity of the spin
wave isV ~ 2:10¢ cm/s.

w (1/s)




